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Diastolic Atrial Compression: A Sensitive Echocardiographic Sign of
Cardiac Tamponade
ITZHAK KRONZON, MD, FACC, MURRAY L. COHEN, MD, HOWARD E. WINER, MD, FACC
New York, New York
Nine patients with clinical and hemodynamic evidence
of cardiac tamponade underwent M-mode and two-di-
mensional echocardiography. Pericardial effusion was
documented in each patient. Four patients demonstrated
respiratory variation in ventricular volumes in associ-
ation with paradoxical pulse. Right ventricular compres-
sion was present in seven. In five patients, echocardi-
ography demonstrated diastolic left atrial compression.
Echocardiography is now the preferred tool for the identi-
fication and estimation of the magnitude of pericardial ef-
fusion (1,2). Echocardiographic observations of changes in
chamber size and in valve and wall motion have been shown
to correlate with the clinical diagnosis of cardiac tamponade.
These observations include inspiratory reduction of left ven-
tricular internal dimension and mitral valve excursion and
velocity, with a reciprocal inspiratory increase in right ven-
tricular internal dimension and tricuspid valve excursion and
velocity (3,4), Right ventricular compression is also asso-
ciated with cardiac tamponade (5). Recently, Shina et al. (6)
reported diastolic posterior motion of the anterior right ven-
tricular wall as a sign of impending cardiac tamponade. This
occurs because the thinner walled right ventricle bears the
brunt of the increase in pericardial pressure that occurs as
a result of left ventricular dilation during diastole. In this
study, we observed diastolic left and right atrial compression
in association with cardiac tamponade. In our patients, right
atrial compression was the most sensitive echocardiographic
indicator of cardiac tamponade.
Study Patients
Nine consecutive patients with a clinical diagnosis of
cardiac tamponade were studied and followed up by our
laboratory. Table I summarizes their clinical and hemo-
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In all nine patients, the apical four chamber view re-
vealed diastolic right atrial compression. Drainage of 450
to 1,800 cc of pericardial fluid relieved the cardiac tam-
ponade and eliminated the echocardiographic findings
associated with this disorder. These observations suggest
that the echocardiographic finding of atrial compression
is a sensitive sign of cardiac tamponade.
dynamic findings. M-mode and multiple view two-dimen-
sional echocardiography were performed in each patient
using Advanced Technology Laboratories and Diasonics
equipment and standard techniques. The right atrium was
evaluated with the four chamber apical view, as well as
with the short-axis view at the level of the aorta. When
possible, subxiphoid views were also obtained. After per-
icardial drainage, each patient had additional echocardio-
graphic studies. Findings in this group are compared with
those of patients in reported series and in several series of
patients from our laboratory.
Results
Table 2 presents the echocardiographic findings. Only
four of the nine patients demonstrated respiratory variation
in left ventricular chamber size and mitral valve excursion
and velocity. These four patients also had paradoxical pulse.
The five patients who did not demonstrate this finding in-
clude four who had recently undergone cardiac surgery.
Right ventricular diastolic compression was documented in
seven patients. The two patients in whom this finding was
not present were postoperative.
Left atrial wall motion. In five patients, an echo-free
space was noted behind the posterior left atrial wall. With
two-dimensional echocardiography, fluid was observed pos-
teriorly and to the left of the left atrium in these five patients.
Exaggerated diastolic anterior motion of the posterior left
atrial wall was noted. A 10 to 22 mm (mean 18) excursion
was observed (Fig. 1). In 20 consecutive patients without
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Table 1. Clinical and Hemodynamic Data of Nine Patients With Cardiac Tamponade
Pressures (mm Hg)
Cardiac
Age (yr) Paradoxical Mean Mean Index PE
Case &Sex Cause of Effusion Pulse Artenal RA RV PA PCW (liters/min per m') (cc)
18F State after 92/60 18 55118 55122 20 NA 450
mitral valve
replacement
2 74F Adenocarcinoma + 60/- 22 NA NA NA NA 1,100
of the lung
3 70M Lymphoma + 84/58 24 NA NA NA NA 1,200
4 28F Uremia + 106/80 20 46/24 46/22 22 2,0 1,800
5 53M State after 72/58 14 36116 36/14 14 NA 550
CABG
6 57M State after 94170 19 38/21 38/20 20 22 700
CABG
7 62M Vlral'1 + 85/65 21 40118 40111 20 1.6 900
8 22M Meningococcal 70/40 15 NA NA NA NA 650
pericardins
9 48M State after 50/- 17 NA 32117 15 1.6 750
CABG
+ = present,- = absent, CABG = coronary artery bypass grafting, F = female; M = male; NA = not available, was not measured; PA
pulmonary artery; PCW = pulmonary capillary wedge, PE = pericardial effusion; RA = nght artrial pressure; RV = nght ventncular pressure.
pericardial effusion from our laboratory, the diastolic ex-
cursion of the posterior left atrial wall measured I to 7 mm
(mean 4.8). This excursion was 2 to 10 mm (mean 5.7) in
12 patients with large pericardial effusion. (In this labora-
tory, a large effusion is defined as one in which there is
greater than 20 mm separation between the epicardium and
pericardium at end-diastole.)
In the nine patients with tamponade, during ventricular
diastole, there was a marked reduction of left atrial volume
that was maximal at end-diastole.
Right atrial compression. The right atrium of each of
our nine patients was surrounded by pericardial fluid. The
changes in the motion of the right atrial wall were revealed
by the two-dimensional echocardiogram, and were similar
in configuration, timing and excursion to those noted in the
left atrium. The volume of the atrium decreased markedly,
sometimes to a slit-like chamber, at end-diastole (Fig. 2 and
3). This finding was not observed in any of 50 consecutive
patients without effusion. Among 20 patients with large
effusion and no clinical diagnosis of cardiac tamponade,
right atrial compression was observed in 1 patient.
For cardiac tamponade, the finding of diastolic, posterior
left atrial wall motion of at least 10 mm had a specificity
of 95%, a sensitivity of 50% and a predictive accuracy of
87%. When diastolic right atrial compression was evaluated
as a sign of cardiac tamponade, specificity was 95%, sen-
Table 2. Echocardiographic Findings in the Nme Patients
Respiratory RV LA
Pencardial Vanations in Drastohc Diastolic
Case Effusion LV Dimensions Compression Compression
I + +
2 + + + +
3 + + + +
4 + + + +
5 +
6 + +
7 + + + +
8 + +
9 + +
RA
Diastolic
Compression
+
+
+
+
+
+
+
+
+
+ = present; - = absent; LA = left atrial; RA = right atnal, RV = nght ventricular
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Figure 1. M-mode echocardiogram of a patient
with cardiac tamponade after coronary bypass
surgery. Note the large pericardial effusion (PE) .
behind the heart, and diastol ic left atrial (LA)
compre ssion resulting in increased excursion of
the posterior atrial wall (arrows). Ao = aorta;
LV = left ventricle ; RV =right ventricle.
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sitivity 100% and predictive accuracy 90%. After pericard ial
drainage , the exaggerated motion of the posterior atrial walls
was eliminated .
Discussion
Limitations of the echocardiographic evaluation of
cardiac tamponade. Patients with pericardial effusion often
have serious underlying disease of the heart and other organ
systems , and the diagnosis of cardiac tamponade may be
difficult to make and require s invasive evaluation. M-mode
echocardiography readily establishes the presence of peri-
cardial effusion in most cases. Loculated pericardial effu-
sions may , however, be identified only by two-dimensional
studies (7). Echocardiography has also been suggested as a
tool for the diagnosis of cardiac tamponade . D'Cruz et al.
(3) demonstrated that a phasic inspiratory reduction in left
ventricular volume, coupled with a reciprocal increa se in
right ventricular volume, was an echocardiographic sign of
cardiac tamponade. Unfortun ately, this finding, which is
the echocardiographic correlate of paradoxical pulse, may
also be seen in conditions that are associated with respirat ory
distress , including obstructive lung disease and pulmonary
embolization (8,9). Conversely, patients with tampon ade
who are unable to produce a sufficient inspiratory effort , or
who have an atrial septal defect or severe aortic regurgi-
tation, will not manifest this echocardiographic sign of car-
diac tamponade (10 ,11) .
Cardiac surgery is responsible for the development of a
large percentage ofthe cases of cardiac tamponade that are
seen in major medical centers . Soon after thoracotomy or
sternotomy, the patients' respiratory effort may diminish ,
preventing the respiratory changes in venous return that
result in paradoxical pulse or its echocardio graphic corre-
lates. This is the likely explanation for the absence of respi-
ratory variation in chamber size in our five postoperative
patient s with cardiac tamponade. Schiller and Botvinick (5)
showed that the right ventricular internal dimension is di-
minished in patients with cardiac tamponade when com-
pared with the same measurement after pericardial drainage.
Unfortunately, this sign requires either the availability of
an echoc ardiogram before the accumulation of pericardial
effusion , or is useful only in retrospect after the effusion is
relieved .
Diastolic right ventricular and atrial compression as
signs of cardiac tamponade. Diastol ic compression of the
right ventricle is a useful diagnostic sign of cardiac tam-
ponade . It is identified by an abnormal posterior motion of
the anterior wall of the right ventricle during diastole . Shina
et al. (6) first described this finding in 1979 utilizing M-
mode echocardiography and ident ified it as an early sign of
cardi ac tamponade . Recently, Armstrong et al. (12) ob-
served this abnormality with M-mode and two-dimensional
echocardiography in the majority of a series of patients with
cardiac tamponade. Although the specificity and sensit ivity
of this finding have not yet been determined , it was present
in most of our patient s. After cardiac surgery, adhesions
may prevent accumulation of pericardial effusion anteriorly,
and thus prevent detection of this sign . This may be the
reason for the absence of diastolic right ventricular compres-
sion in two postoperative patient s with cardiac tamponade.
Miller et al. (13) recently reported venous angiographic
findings in patients with cardiac tamponade . Their patients
demon strated compression of the superior vena cava and
right atrium. Echocardiogram s in another group of patient s
revealed concavity of the right atrium during diastole .
Mechanism of atrial compression and abnormal wall
motion in tamponade. In this report , diastolic compression
of both atria is suggested as an echocardiographic sign of
cardiac tamponade. The atrial walls are thinner and are
therefore more readily compre ssed than those of the ven-
tricles. During diastole, the pericardial pressure increases
as a consequence of an increase in cardiac volume . The
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Figure 2. Two-dimensional echocardiogram In the apical four
chamber view ofa patient with cardiac tamponade . A, End-systolic
frame . B, End-diastolic frame . Note the diastolic compression of
both atria (arrows). E=pericardial effusion; RA =TIght atrium;
other abbreviations as in Figure 1.
thin-walled atria are compressed by the elevated intraperi-
cardial pressure, their contents being expelled into the ven-
tricles or their respective venous connections. The resulting
increase in diastolic atrial pressures is probably the cause
of the diminished y descent that is seen in tamponade (14).
The changes in atrial wall motion that are seen in tamponade
are qualitatively different from those in severe mitral in-
sufficiency. Swinging of the entire heart within the enlarged
pericardial space does not account for this exaggerated mo-
tion of the atrial walls because the other cardiac structures
do not show a compatible degree of abnormal motion. It
appears that this motion is not merely an exaggeration of
normal atrial motion because it begins with the onset of
diastole and before the P wave.
It is possible to speculate on the cause of the highei
incidence of abnormal right atrial motion but not its left-
sided counterpart . Small- and moderate-sized pericardial
effusions usually do not extend behind the left atrium be-
cause of the tethering effect of the pulmonary veins. Ef-
fusion is more likely to extend behind the left atrium in
larger and more chronic effusions (15). Four of the patients
with abnormal left atrial wall motion had a large pericardial
volume. The fifth patient underwent surgery that included
left atrial exploration. possibly diminishing the anchoring
effects of the pulmonary veins. Fluid behind the left atrium
is usually associated with exaggerated motion of the pos-
terior left atrial wall. This association has been observed by
others (16), and is confirmed by our findings. It is unlikely
that the mere presence of fluid behind the left atrium would
create the pattern of left atrial wall motion that we noted.
It is more likely that the mechanism invoked to explain
diastolic right atrial compression also explains diastolic left
atrial compression. The four patients who did not demon-
strate diastolic left atrial compression had a smaller effusion
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Figure 3, Two-dimen sional echocardiogram in the apical four
chamber view. A, End-systolic frame. B, End-diastolic frame.
Note marked diastolic right atrial compression creating a slit-like
cavity (ar rows). The right ventricle is also compressed . Abbre-
viations as in Figure 2.
and conditions associated with a more acute onset of peri-
cardial effusion (recent cardiac surgery, purulent pericar-
ditis). Bycontrast, effusionextendedaroundthe rightatrium
in all nine patients.
In conclusion . diastolic atrial compression, especially
right atrial compression, appears to be a sensitive echocar-
diographic indicator of cardiac tamponade.
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